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1
DISPLAY PANEL

TECHNICAL FIELD

The present invention relates to a display panel having a >
hole 1n the display region thereof.

BACKGROUND ART
In general, transmissive liquid crystal display devices !°
usually include a liquid crystal panel, a backlight umt, a
circuit substrate and a power supply for supplying various
types of electrical signals to the liquid crystal panel, a case
tor housing these, and the like.

The liquid crystal panel has a display region (active area)
within which a plurality of pixels are arranged and a frame
region (non-active area) outside the display region. The
display region has pixel electrodes, TFTs, and the like, and
displays an image or video. A sealing member for sealing ,,
liquid crystal material between substrates, wiring connected
to scan lines or signal lines, a monolithically-formed driver
circuit, terminals connected to an external driver circuit, and
the like are arranged on the frame region, and the frame
region 1s not used for displaying an image or video. 25

The frame region of the liquid crystal panel does not
contribute to display, and 1t 1s therefore preferable that the
frame region be made narrow. Yet, while the frame region of
liquid crystal panels has been progressively narrowed over
the years, completely eliminating the frame region is diffi- 39
cult in principle.

Conventional research has focused on narrowing or
obscuring the frame region of the display panel. The subject
applicants have disclosed in Patent Document 1 a display
device 1 which a transmissive cover 1s disposed on the
viewer side of the display panel. The edge of the transmis-
s1ve cover 1n this display device has a convex curved portion
that function as a lens.

The convex curved portion (lens portion) ot the transmis-
sive cover 1s typically disposed so as to cover the frame
region of the display panel and a part of the display region
near the frame region (hereinafter, also referred to as the
“peripheral display region™). Light emitted from the pixels
(peripheral pixels) in the peripheral display region refracts at 45
the lens portion. This results in the image formed by the
peripheral pixels being magnified and displayed on the front

side of the frame region. Because of this effect, the frame
region becomes obscured or appears as if the frame region
does not exist. 50
The display device described above makes possible for
almost the entire panel surface on the viewer side of a
portable electronic device such as a smartphone to be used
as a display region, for example. This type of electronic
device has a large area capable of content display relative to 55
its size and 1s thus advantageous in terms of making the
device more compact.

15

35

RELATED ART DOCUMENTS

60
Patent Documents

Patent Document 1: WO 2010/089998

Patent Document 2: Japanese Patent Application Laid-Open
Publication No. 2005-46352 65

Patent Document 3: Japanese Patent Application Laid-Open

Publication No. 2009-47902

2

Patent Document 4: Japanese Patent Application Laid-Open
Publication No. 2004-329694

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

Although there are attempts, as described above, to use
the entire viewer side surface (front side of the panel) for
display, eliminating the frame region completely would also
climinate the space on the front side of the panel where a
physical button, a camera, or the like 1s arranged conven-
tionally. Regarding this point, the subject applicants have
disclosed 1n International PCT Application No. PCT/
IP2014/054966 a configuration in which a through-hole 1s
provided on the inner side of the frame region of the display
panel, namely within the display region, and a button or the
like 1s provided 1n this through-hole.

Patent Documents 2 to 4 also have disclosed a configu-
ration in which a through-hole 1s provided in the display
region ol the liquid crystal panel, for example. Patent
Documents 2 and 3 have disclosed a display device having
a configuration 1 which wining for driving pixels 1s
arranged so as to avoid the through-hole. Also, Patent
Document 4 has mentioned a sealing member and spacers
provided around the hole.

The research by the inventors of the present invention,
however, has revealed that, in the conventional configura-
tion, providing a through-hole 1n the display panel 1s likely
to degrade display quality around the hole.

The present invention has been developed to solve the
problems described above and aims to prevent the degrada-
tion of display quality around the hole 1n a display panel that
has a hole therein.

Means for Solving the Problems

A display panel according to an embodiment of the
present invention includes: a substrate; a display medium
layer held on the substrate, the display panel having a
display region and a frame region outside the display region
and including a hole within the frame region penetrating the
substrate and the display medium layer; and a hole-periph-
ery sealing part disposed on the substrate at a side facing the
display medium layer so as to surround the hole, wherein the
hole-periphery sealing part includes: a first sealing member
having a loop shape surrounding the hole or a broken loop
shape having at least one open section; and at least one
second sealing member provided at a location corresponding,
to a part of the loop defined by the first sealing member or
to the at least one open section.

In one embodiment, the first sealing member 1s formed 1n
the broken loop shape having the at least open section, and
the at least one second sealing member 1s a sealing member
that seals an opening formed by the at least one open section.

In one embodiment, the first sealing member 1s formed 1n
the loop shape, and the at least one second sealing member
1s a protruding structure provided so as to overlap with the
part of the loop defined by the first sealing member.

In one embodiment, a thickness of the protruding struc-
ture 1s 30% to 100% of a thickness of the display medium
layer.

In one embodiment, the first sealing part 1s formed by a
sealing member provided on the substrate so as to form a
broken loop shape having at least one open section, and
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wherein the at least one second sealing part 1s provided at a
location corresponding to the open section of the sealing
member.

A display panel according to an embodiment of the
present invention includes a substrate and a display medium
layer held on the substrate, the display panel having a
display region and a frame region outside the display region
and including a hole on an inner side of the frame region
penetrating the substrate and the display medium layer, the
display panel further including: a hole-periphery sealing part
formed by expanding, 1n a planar direction, a sealing mem-
ber having a dot shape or a planar shape that 1s provided,
before the hole 1s formed, at a location on the substrate
where the hole 1s to be formed, the substrate further having
a restricting structure that hinders the expansion of the
sealing member.

In one embodiment, the restricting structure 1s a bank-like
loop-shaped structure glued to an outer side of the hole-
periphery sealing part and surrounding the hole-periphery
sealing part.

A display panel according to an embodiment of the
present invention includes: a substrate; a display medium
layer held on the substrate, the display panel having a
display region and a frame region outside the display region
and including a hole within the frame region penetrating the
substrate and the display medium layer; a hole-periphery
sealing part disposed on the substrate at a side facing the
display medium layer so as to surround the hole; and a
layered structure provided on the substrate, the layered
structure covering the display region, wherein a loop-shaped
region where the layered structure 1s not formed 1s provided
around the hole, and the hole-periphery sealing part is
arranged 1n the loop-shaped region.

In one embodiment, the substrate 1s an opposite substrate,
and the layered structure includes a color filter layer.

An electronic device according an embodiment of the
present invention includes: any one of the display panels
described above; and an input/output device arranged in the
hole 1n the display panel.

A method of manufacturing a liquid crystal panel accord-
ing to an embodiment of the present invention includes: a
step of preparing a pair of substrates; a step of providing an
outer sealing member having a closed-loop shape along a
periphery of one of the pair of substrates and a hole-
periphery sealing member 1n a broken loop shape, a dot
shape, or a planar shape at a prescribed location within a
region inside the outer sealing member; a step of dripping
liquid crystal material on a location 1nside the outer sealing
member and outside the hole-periphery sealing member in
the one of the substrates; and a step of bonding one substrate
on which the liquid crystal matenal 1s dnipped to another
substrate, wherein the method further includes a step of
torming the hole-periphery sealing part 1n a loop shape or a
planar shape by curing the hole-periphery sealing member
alter flattening the hole-periphery sealing member between
the pair of substrates and spreading the liquid crystal mate-
rial between the pair of substrates, and a step of forming a
through-hole within the hole-periphery sealing part in the
loop shape or the planar shape.

Eftects of the Invention

According to a display device of embodiments of the
present invention, a display device using a display panel that
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4

has a through-hole 1n the display surface thereof can prevent
the degradation of display quality around the hole.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view for describing a manufacturing process
of a liquid crystal panel according to Embodiment 1 of the
present invention, and FIGS. 1(al) to 1(ad4) each show
different steps.

FIG. 2 1s a view showing a configuration of a liquid
crystal display device 100 of Embodiment 1, FIG. 2(a) 1s a
plan view, and FIG. 2(b) 1s a cross-sectional view along the
line x-x 1n FIG. 2(a).

FIG. 3(a) 1s a view showing an example of wiring around
the hole, and FIG. 3(d) 1s a cross-sectional view of the panel.

FIG. 4 1s a view describing a configuration including a
transmissive cover that has a lens portion, FIG. 4(a) 1s a plan

view, and FIG. 4(b) 1s a cross-sectional view along the line
x-x 1n FIG. 4(a).

FIG. 5 1s a view for describing a manufacturing process
of a liquid crystal panel according to Embodiment 2 of the
present mvention, FIGS. 5(al) and 5(a2) each show difler-
ent steps, FIGS. 5(b1) and 5(b2) are cross-sectional views
that respectively correspond to FIGS. 35(al) and 5(a2)
according to an embodiment, and FIGS. 5(c1) and 3(c2) are
cross-sectional views that respectively correspond to FIGS.
5(al) and 5(a2) according to a different embodiment.

FIG. 6 1s a view showing a configuration of a liquid
crystal display device of Embodiment 2, FIG. 6(a) 1s a plan
view, and FIG. 6(d) 1s a cross-sectional view along the line
x-x 1n FIG. 6(a).

FIG. 7 1s a view showing a configuration of a liqud
crystal panel of Embodiment 2 and a plan view showing the
location where liquid crystal 1s dropped or the like when
forming a liquid crystal layer by the ODF method.

FIG. 8 1s a view for describing a manufacturing process
of a liquid crystal panel according to Embodiment 3 of the
present invention, FIGS. 8(al) to 8(a4) each show diflerent
steps, FIGS. 8(51) and 8(H2) are cross-sectional views that
respectively correspond to FIGS. 8(al) and 8(a2) according
to an embodiment, and FIGS. 8(c1) and 8(c2) are cross-
sectional views that respectively correspond to FIGS. 8(al)
and 8(a2) according to a different embodiment.

FIG. 9 1s a view for describing the manufacturing process
of a liquid crystal panel according to Embodiment 4 of the
present invention, FIGS. 9(al) to 9(a4) each show diflerent
steps, and FIGS. 9(b1) to 9(b3) are cross-sectional views
that respectively correspond to FIGS. 9(al) to 9(a3).

FIG. 10 1s a view for describing the manufacturing
process of a liquid crystal panel according to Embodiment 5
of the present mnvention, FIGS. 10(al) to 10(a4) each show
different steps, and FIGS. 10(51) to 10(b3) are cross-sec-
tional views that respectively correspond to FIGS. 10(al) to
10(a3).

FIG. 11 1s a partial magnified view showing a configu-
ration around the hole 1n the liquid crystal display device of
Embodiment 3.

FIG. 12 1s a view showing a configuration of a liquid
crystal display device of Embodiment 3, FIG. 12(a) 1s a plan
view, and FIG. 12(b) 1s a cross-sectional view along the line
x-x 1n FIG. 12(a).

FIG. 13 1s a view showing a configuration of a liquid
crystal display device of Embodiment 35, FIG. 13(a) 1s a plan
view showing the location where liquid crystal 1s dropped or
the like when forming a liqud crystal layer by the ODF
method, FIG. 13(b) 1s a cross-sectional view along the line
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x-x 1 FIG. 13(a), and FIG. 13(c) 1s a cross-sectional view
that corresponds to FIG. 13(b) after substrate bonding.

FIG. 14 1s a view for describing the manufacturing
process of a liquid crystal panel according to other embodi-
ments, and FIGS. 14(al) to 14(a4) each show diferent steps.

FIG. 15 1s a view for describing the manufacturing
process of a liquid crystal panel according to other embodi-
ments, and FIGS. 15(al) to 15(a4) each show diflerent steps.

FIG. 16 1s a view lfor describing the manufacturing
process of a liquid crystal panel of a reference example,
FIGS. 16(al) to 16(a4) each show different steps, and FIGS.
16(b1) to 16(b4) are cross-sectional views that respectively
correspond to FIGS. 16(al) to 16(ad).

DETAILED DESCRIPTION OF EMBODIMENTS

Before describing embodiments of the present invention,
causes of display anomalies around a hole that can occur 1n
the display region of a display panel provided with a hole in
the display region thereof will be described.

The subject applicants have disclosed in International
PCT Application No. PCT/JP2014/054966 a display device
in which a through-hole 1s formed in the display region
thereol. Various types of input devices such as a button, a
cross-shaped key, a camera, or the like are arranged 1n this
through-hole. All the contents disclosed in International
PCT Application No. PCT/IP2014/054966 are incorporated
by reference in the present specification.

When a through-hole 1s provided 1n the display region of
a liquid crystal panel as a display panel, in order to appro-
priately seal liquid crystal material between substrates, 1ig-
uid crystal material should be made not to leak from the
hole, for example. For this purpose, 1n addition to providing,
an outer frame sealing part along the periphery of the
substrates, liquid crystal material needs to be sealed 1n
between the substrates by providing a hole-periphery sealing,
part that penetrates through the substrates.

FIGS. 16(al) to 16(ad4) and 16(b1) to 16(b4) show a
manufacturing process of a liquid crystal panel according to
a reference example.

First, as FIGS. 16(al) and 16(b1) show, a sealing member
having a prescribed width (an outer sealing member 93B) 1s
provided along the periphery of one of the substrates (here,
a TFT substrate 11). The outer sealing member 93B 1is
provided 1n a loop-shape, except the part where the injection
hole used to 1inject liquid crystal material after the substrates
are bonded together 1s located.

In this step, a sealing member (a hole-periphery sealing
member 93A) 1s also provided around the area where a
through-hole 10A (see FIGS. 16(a3) and 16(53)) 1s formed
in a subsequent step. In a manufacturing process of the
present reference example, i order to prevent liquid crystal
material from leaking from the hole 10A, the sealing mem-
ber 93A having a closed-loop shape 1s provided so as to
surround the area where the hole 10A should be formed.

In the next step, as shown 1 FIGS. 16(a2) and 16(52), the
substrate provided with the sealing members 93A and 93B
1s bonded to the other substrate (here, an opposite substrate
12). In this bonding process, however, as soon as the
hole-periphery sealing member 93 A makes contact with the
other substrate 12, as shown i FIG. 16(b2"), an airtight
space 1s formed 1nside the hole-periphery sealing member
93 A, which makes it impossible to take the air out of the
space.

In this situation, as shown 1 FIG. 16(52), the inventors of
the present invention verified that the cell thickness tends to
become thicker around the hole even when relatively strong
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pressure 1s applied to both of the substrates 11 and 12. In
particular, the inventors found that the cell thickness tends to

become thicker around the hole than in other arecas when
providing a hole with a small diameter less than or equal to
about 10 mm because 1t becomes harder to take the air out
of the space.

Thereatter, a liquid crystal panel 90 1s obtained by form-
ing the hole 10A that penetrates both of the substrates 11 and
12 (FIGS. 16(a3) and 16(53)), further forming a liquid
crystal layer 14 by injecting liquid crystal material using a
vacuum 1injection method, and finally sealing the 1njection
hole with a resin 19B (FIGS. 16(a4) and 16(54).

However, when a liquid crystal panel 1s made using the
method described above, various types of anomalies can
occur around the hole 10A such as uneven display (lowered
contrast ratio, reduced brightness, change 1n chromaticity, or
the like), degradation 1n the viewing angle characteristics,
and reduction 1n response speed. This 1s because the cell
thickness around the hole 10A becomes thicker than that in
other parts as described above.

In view of this problem, the inventors of the present
invention found that, in order to prevent the degradation of
display quality around the hole, 1t 1s effective to perform the
substrate bonding process by securing a way for the air to
escape so as not to form an airtight space inside the sealing
member provided around the hole. Alternatively, the mven-
tors found that 1t 1s effective to provide the hole-periphery
sealing member, not 1 a closed-loop shape, but 1 a dot
shape or a planar shape, and to form the sealing part by
flattening out the sealing member. Because this method can
make the cell thickness around the hole uniform, the deg-
radation of display quality can be prevented.

A display panel according to embodiments of the present
invention 1s described 1n greater detail below with reference
to figures, but the present imvention 1s not limited to these
embodiments.

Embodiment 1

FIGS. 1(al) to 1(a4) are perspective views showing part
ol a manufacturing process of a liguid crystal panel accord-
ing to Embodiment 1.

After manufacturing the TF'T substrate 11 and the oppo-
site substrate 12 by a known method, as shown in FIG.
1(al), the sealing member 13 1s provided on one of the
substrates (here, the TFT substrate 11).

The sealing member 13 1s provided in a line-shape having
a width of approximately 1 mm using a known dispenser
device, for example. An ultraviolet curable or thermosetting
resin material (acrylic resin or the like) can be used as a
material for the sealing member 13, and “Photolec,” which
1s a UV curable sealing member made by Sekisu1 Chemical
Co., Ltd., or the like can be used, for example.

In the process of providing the sealing member 13, an
outer sealing member 13B' having an outer frame-shape 1s
provided on the periphery of the TFT substrate 11, and a
hole-periphery sealing member 13A’ 1s provided around the
area where the through-hole 10A (see FIG. 1(a3)) 1s formed
in a subsequent step. The hole-periphery sealing member
13A' 1s provided within the area enclosed by the outer
sealing member 13B".

The outer sealing member 13B' includes a portion that
extends to an edge of the substrate 11. This portion forms an
injection hole 23B used when injecting liquid crystal mate-
rial by a vacuum injection method.

The hole-periphery sealing member 13A' 1s provided 1n a
loop-shape with an open section 23A (1n other words, a
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broken loop-shape). Although the FIGS. 1(al) to 1(a4) show
a configuration in which the open section 23 A 1s provided 1n
one location, a plurality of the open sections 23A may be
provided. In that case, the plurality of the open sections 23A
may be formed so as to subdivide the hole-periphery sealing
member 13A' mto equal sections, for example.

Next, as shown in FIG. 1(a2), the TFT substrate 11 1s
bonded to the opposite substrate 12. In this step, the space
inside the hole-periphery sealing member 13A' 1s connected
to the space outside thereof even after the TFT substrate 11
1s bonded to the opposite substrate 12 because the hole-
periphery sealing member 13A' includes the open section
23A. In other words, 1n the substrate bonding process, the
inside of the hole-periphery sealing member 13A' does not
become an airtight space, and the state 1n which the air can
be taken out 1s maintained. In this configuration, even the
area provided with the hole-periphery sealing member 13 A’
maintains a cell gap that 1s the same as those 1n other areas.

In this manner, the outer sealing part 13B and the hole-
periphery sealing part 13A are formed, and the process of
bonding the substrates 11 and 12 together 1s completed by
hardening the sealing member 13 with heat or ultraviolet
light after arranging the TFT substrate 11 and the opposite
substrate 12 to face each other while keeping the cell gap
within the surface uniform. Providing a plurality of photo-
spacers having the same height over the entire substrate
surface of the opposite substrate 12 makes 1t easier to
maintain the cell gap over the entire panel surface at a

desired thickness.

Next, as shown 1n FIG. 1(a3), the through-hole 10A (the
hole 10A) that penetrates the TFT substrate 11 and the
opposite substrate 12 are formed 1n the mner side of the
hole-periphery sealing part 13A. The hole 10A can be
formed by scribing (laser scribing or mechanical scribing),
by using a laser, a drill, or the like, or by waterjet cutting, for
example.

Furthermore, after the hole 10A 1s formed, a sealing resin
19A 1s disposed at the location that corresponds to the open
section 23A of the hole-periphery sealing part 13A. The
sealing resin 19A 1s provided so as to fill the open section

23 A of the hole-periphery sealing part 13A from the 1nner
side of the hole 10A. A photosensitive resin sealing material
made by Sekisui Chemical Co., Ltd. can be used as the
material for the sealing resin 19A, for example.

In this manner, a space that 1s sealed from the outside,
except for the liquid crystal injection hole 23B, 1s formed
between the substrates 11 and 12, and a so-called empty cell
1s completed. In the present embodiment, the hole-periphery
sealing part 13A and the sealing resin 19A seal the area
surrounding the hole 10A.

Thereafter, as shown 1 FIG. 1(ad4), the liquid crystal
material 1s 1njected into the empty cell using the pressure
difference created by placing the empty cell in a vacuum and
returning the cell under the atmospheric pressure while the
liquid crystal mjection hole 23B 1s i1n contact with liquid
crystal matenal. After liguid crystal fills the 1nside of the
empty cell, the liquid crystal injection hole 23B 1s sealed
with the sealing resin 19B from the outer side of the panel,
and the liquid crystal layer 14 1s formed by completely
sealing the liquid crystal material between the substrates.
This step completes the liquid crystal panel 10.

The liquid crystal panel 10 according to the present
embodiment thus manufactured prevents uneven display
(lowered contrast ratio, reduced brightness, change 1n chro-
maticity, or the like), degradation 1n the viewing angle
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characteristics, reduction in response speed, or the like
because the cell thickness near the hole 10A does not
become thick.

Below, a liquid crystal display device 100 that includes
the liquid crystal panel 10 manufactured in a manner shown
in FIGS. 1(al) to 1(a4) will be described.

FIGS. 2(a) and 2(b) are a plan view and a cross sectional
view, respectively, that show the liquid crystal display
device 100 according to the present embodiment. The liquid
crystal display device 100 may be various types of electronic
devices as long as the device includes the liquid crystal panel
10. In the present specification, all electronic devices that
include the liquid crystal panel 10 may be referred to as
“liquad crystal display devices.”

The liquid crystal display device 100 (alternatively, an
clectronic device) may be a portable gaming device, smart-
phone, mobile phone, PDA (personal digital assistant), tablet
terminal, electronic book reader, music player, camera,
clectronic dictionary, electronic notebook, navigation sys-
tem, display device, personal computer, wearable computer,
wrist watch, game machine, television, information display,
or the like, for example.

A liquid crystal display device that uses a liquid crystal
layer as a display medium layer 1s used below as an example.
However, the present invention 1s not limited to the example.
In various types of electronic devices that use liquid crystal
material other than liquid crystal material for the display
medium layer such as an electrophoretic display device or an
clectrowetting display device, the same configuration as that
described below can be applied.

As shown i FIGS. 2(a) and 2(b), the liquid crystal

display device 100 includes the liquid crystal panel 10 and
a circuit substrate 20 arranged on the back side of the liquid
crystal panel 10. The liqud crystal display device 100 1s a
transmissive liquid crystal display device and includes a
backlight 40 provided between the liquid crystal panel 10
and the circuit substrate 20.
The backlight 40 may be an edge-lit backlight that has, 1n
addition to light sources such as LEDs, optical elements
such as a light guide plate, diffusion plate, reflective plate,
and the like, or the backlight 40 may be a direct-11t (surface-
emitting type) backlight that 1s configured using surface-
emitting elements or the like.

The liquid crystal panel 10 includes the TFT substrate 11
(active matrix substrate) having pixels arranged 1n an array,
the opposite substrate 12 that opposes the TF'T substrate 11,
and the liquid crystal layer 14 that 1s held between the pair
of these substrates. An optical film layer 15 constituted by a
polarizing plate, a retardation film, or the like 1s boded via
an adhesive layer to the outer side of the TFT substrate 11
and the opposite substrate 12.

There may be various types of display modes of the liquid
crystal display device 100. In the vertical alignment (VA)
mode that performs full color display, for each of the pixels,
a TFT and a pixel electrode connected thereto are provided
on the TFT substrate 11, and a common electrode, a color
filter, a black matrix, and the like are provided on the
opposite substrate 12, for example. In a hornizontal electric
field mode such as FFS (fringe field switching) mode, the
TFT substrate 11 includes pixel electrodes having a plurality
of slits and elongated electrodes and common electrodes
used to create horizontal electric fields between the common
clectrodes and these pixel electrodes. In the display mode
using PDLC (polymer dispersed liquid crystal), the optical
film layer 15 does not need to be included.

In the liquid crystal display device 100 of the present
embodiment, the hole 10A that penetrates the panel 1is
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provided within a frame region RF (namely, a display region
RA). As described using FIG. 1, the hole-periphery sealing
part 13A having the open section 23 A and the sealing resin
19 A that seals the opening formed by the open section 23A
are provided around the hole 10A. In this configuration, the
liquid crystal layer 14 1s sealed between the pair of sub-
strates 11 and 12 by the outer sealing part 13B provided on
the panel periphery, the injection hole sealing resin 19B, the
hole-periphery sealing part 13 A, and the sealing resin 19A.

It should be noted that, 1n the present specification, the
area on the mner side of the frame region RF, which 1is
formed at the periphery of the liquid crystal panel 10, 1s
referred to, for convenience, as the “display region RA.”
However, the display region RA may include a region that
does not contribute to display (non-display region other than
the frame region). In the present embodiment, as shown in
FIG. 2(b), a non-display region RF2 1s formed within the
display region RA around the hole 10A. The non-display
region RF2 includes the hole 10A 1itself, the hole-periphery
sealing part 13A, a region provided with a light-shielding
member (not shown) that prevents light leakage around the
hole 10A, and the like.

The diameter of the hole 10A may be arbitranly set;
however, the diameter 1s set to about 1 mm to about 15 mm,
for example. When the diameter of the hole 10A 1s less than
or equal to 10 mm, using the configuration according to the
embodiments of the present invention 1s particularly effec-
tive 1n preventing the degradation of display quality around
the hole. Here, although an example 1n which the planar
shape of the hole 10A 1s circular 1s shown, the hole may have
other planar shapes such as a square.

In the present embodiment, the liquid crystal display
device 100 includes an mput/output device 30 arranged 1n
the hole 10A provided within the display area RA. The
input/output device 30 1s a push-down electronic switch, for
example, and a hardware button provided 1n a smartphone
corresponds to the switch, for example.

Now, the mput/output device 30 1s described 1n greater
detail. In the liquid crystal display device 100, the mput/
output device 30 1s arranged inside the hole 10A of the liquid
crystal panel 10 and connected to the circuit substrate 20 via
a connector. In the present embodiment, a through-hole 1s
provided also on the backlight 40 arranged between the
liquid crystal panel 10 and the circuit substrate 20, and the
input/output device 30 1s connected to the circuit substrate

20 by passing through the hole that penetrates the liquid
crystal panel 10 and the backlight 40.

The input/output device 30 may be various types of
devices such as a mechanical/electrical switch or button that
receives mput from the user, an optical element capable of
receiving light from outside, a sound/speech output device,
or a light-emitting device.

More specifically, the input/output device 30 may be a
push-button, direction key (cross-shaped key), analog stick,
touch panel (touch sensor), rotary switch (volume control-
ler), rotatable selector (jog dial), toggle switch, trackball,
trackpad, stick-type pointing device, hardware keyboard, or
the like that can receive input (direct operation) from the
user.

In addition, the mput/output device 30 includes an 1mag-
ing device (CCD image sensor, CMOS 1mage sensor, or the
like), an optical element (fiber optic faceplate or the like), or
an optical sensor (a light sensor, a proximity sensor, or the
like) that can receive optical mput. Besides these, the
input/output device may be a temperature sensor, a micro-
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phone, an input terminal such as HDMI (registered trade-
mark) or USB, a wiring terminal such as a plug or outlet, or
the like.

Furthermore, the input/output device 30 may be a sound/
speech output device such as a speaker, a light-emitting
device such as an LED, a display device that operates by
itsell independent of the liquid crystal panel 10, or the like.

The mput/output device 30 1s connected to the circuit
substrate 20 arranged on the back side of the display panel
either mechanically, electrically, or optically. A signal from
the mput/output device 30 or a signal to the mput/output
device 30 may be processed and generated 1n various types
ol processing devices provided on the circuit substrate 20.

When using a volume controller as the input/output
device 30, for example, the mnput/output device 30 may have
a portion that protrudes out of the surface of the liquid
crystal panel 10 on the side of the viewer, for example. Also,
as the portion that protrudes out from the liquid crystal panel
10, the input/output device 30 may have a wide-width part
(see FIG. 3(b), for example) that has a larger diameter than
the diameter of the hole 10A. Using this wide-width part to
hide the non-display region RF2 around the hole can
improve the sense of coherency between the input/output
device 30 and the display screen. The wide-width part may
be provided so as to be fixed to the mput/output device 30
after the input/output device 30 1s mounted on the circuit
substrate 20 via the hole 10A.

The mput/output device 30 may include a part that can be
attached and detached and be constituted by an operating
section that 1s arranged 1n the hole 10A 1n the display panel
10 and that 1s connected to the circuit substrate 20, and a
stick section that can attach to and detach from the operating
section, for example. In this case, the mput/output device
can be used as an 1nput device such as an analog controller
by the user mounting the stick section in a fitting hole or a
screw hole provided in the operating section as needed.

Now, the wiring around the hole 10A 1n the TFT substrate
11 will be described. As disclosed in Patent Documents 2
and 3, the matrix wiring lines around the hole 10A may be
formed so as be diverted around the hole 10A, for example.

FIG. 3(a) shows one example of the wiring on the TFT
substrate 11 around the hole 10A. As the figure shows, a
source wiring 4 extending in the vertical direction and a gate
wiring 2 extending in the hornizontal direction are both
provided around the hole 10A so as to be diverted around the
hole 10A. In this configuration, pixels can be provided 1n a
matrix in areas other than the area around the hole 10A, and
an 1mage or the like can be displayed by supplying a signal
to the pixels via the respective TF'Ts connected to the gate
wiring 2 and the source wiring 4. A TFT channel provided
in the pixel may be formed by amorphous silicon, low
temperature polysilicon showing crystalline characteristics,
an oxide semiconductor such as an In—Ga—7n—0 semi-
conductor, or the like.

However, by allowing the wiring to be diverted around the
hole 10A, a region where the pixels cannot be arranged (an
alternative wiring region RF3) may be formed around the
hole 10A. In this case, the alternative wiring region RF3 that
cannot be used for display may be covered with a black
matrix i order to prevent light leakage.

As shown 1n FIG. 3(b), when the input/output device 30
includes a wide-width part that protrudes from the surface of
the liquid crystal panel 10 on the side of the viewer, the part
may be used to hide the alternative wiring region RF3 from
the viewer.

The liquid crystal display device 100 according to the
present embodiment may include other various types of
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aspects. The lhiquid crystal display device 100 may be
configured so as to display an image related to the mput/
output device 30 within the display region (around the hole
or the mput/output device, for example) of the liquid crystal
panel 10, for example. When a volume controller 1s provided
as the input/output device 30, the current magnitude of
volume determined by the operation by the user can be
displayed around the input/output device 30, for example.

Displaying information related to the mput/output device
30 1n the areas surrounding the device in this way can
improve user-iriendliness. Also, 1t 1s possible to use a
display 1mage to allow the user to recognize the current
function of the current iput/output device 30. Thus, the
liquid crystal display device also has the advantage that the
input/output device 30 1s easy to apply for many purposes.

A known image processing device (image processing
unit) can perform control of such displayed images around
the hole. The image processing device may include a com-
putation processing unit, a graphic processing unit, a
memory, or the like provided on the circuit substrate 20, for
example. The 1mage processing device can generate 1image
data on the basis of a signal from the input/output device 30
so as to display a related image around the input/output
device 30.

Also, a touch panel may be provided on the viewer side
of the liquid crystal panel 10. The touch panel may have a
known configuration, and an Out-Cell, On-Cell, or In-Cell
touch panel may be used as desired. In an In-Cell touch
panel, electrodes that constitute a touch sensor (a plurality of
sensor wiring lines) or the like are provided within the liquad
crystal panel 10.

FIGS. 4(a) and 4(b) are views showing a liquid crystal
display device 102 according to a modification example of
the present embodiment. FIG. 4(a) 1s a plan view seen from
the user, and FI1G. 4(b) 1s a cross-sectional view cut along the

line x-x 1n FIG. 4(a).

As shown i FIGS. 4(a) and 4(b), the liqud crystal
display device 102 also includes the hole 10A 1n the liquid
crystal panel 10 and the mput/output device 30 (here, a
push-button switch) 1n the location corresponding to the hole
10A. The mput/output device 30 1s connected to the circuit
substrate 20.

The liqud crystal panel 102 includes a transmissive cover
60 on the viewer side of the liquid crystal panel 10. The
transmissive cover 60 1s made of transmissive material such
as glass or plastic and can transmit light emitted from the
liquid crystal panel 10 toward the viewer. The transmissive
cover 60 also includes a hole 1n the location that corresponds
to the hole 10A of the liquid crystal panel 10, and the
iput/output device 30 1s exposed so as to allow the user to
perform operation.

The transmissive cover 60 includes a curved surface
around the hole 10A. This curved part function as a lens
section 60B. A flat portion 60A 1s provided around the lens
section 60B, and a large portion of the liquid crystal panel
10 1s covered by the flat portion 60A. The liquid crystal
display device 102 includes a different lens portion (periph-
eral lens portion) 60C 1n the transmissive cover 60 over the
periphery (the region where the frame region RF 1s formed)
of the display panel 10.

In the liquid crystal display device 102 thus conﬁgured
light emitted from pixels near the non-display region REF2
arranged around the hole 10A refracts at the lens portion 608
(here, the user side surface of the lens portion 60B) because
the transmissive cover 60 includes the lens portion 60B. In
this configuration, the image formed by the pixels around the
hole 10A becomes enlarged and displayed on the front
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surface of the non-display region RF2. Thus, the non-display
region RF2 around the hole 10A can be made less noticeable
to the viewer.

In this example, the shape of the curved lens surface of the
lens portion 60B (more specifically, the curved line formed
by the curved lens surface 1n a cross section) 1s expressed by
the following aspheric formula, where R1 1s the radius of
curvature (or ¢ 1s the curvature) and k 1s the aspheric
coellicient (conic constant), for example.

Aspheric formula: fix)=Y-ex?/(1+(1-(1+k)?x%)V?)

In the above formula ¢c=1/R1, x 1s the horizontal distance
from the top of the lens (the boundary of the lens portion
60B and the flat portion 60A), and Y 1s the height at the top
of the lens (the thickness of the transmissive cover 60 at the
flat portion 60A). The radius of curvature R1, the conic
constant k, the thickness of the transmissive cover 60 Y, and
the like may be set in accordance with the width of the
non-display region RF2 or the like.

A more specific shape for the lens portion 60B 1is
described 1n detail in WO 2010/070871, for example. The
lens surface shape described in WO 2010/070871 can also
be applied to the embodiments of the present invention. The
lens surface shape of the peripheral lens portion 60C may be
the same.

It 1s preferable that the shape of the lens portion 60B
around the hole 10A be part of a rotating member, for
example. It should be noted that this “rotating member”
means a three-dimensional figure obtained by rotating a plan
view figure 360° around a straight line that 1s positioned in
the same plane thereof. In the present embodiment, the lens
portion 60B may have a shape including a rotating member
in which a plan view figure thereotf 1s disposed 1n a location
separated from the rotational axis, and the rotating member
1s obtained by causing the plan view figure thereof having
the curved line segment on the rotational axis-side to rotate.

The lens portions 60B and 60C are not limited to the lens
configuration 1n which one side thereof 1s a convex curved
surface as shown 1n FIG. 4(b) and may be configured using
a Fresnel lens, for example. Moreover, both the viewer side
front surface and rear surface may be formed so as to have
a convex curved surface. The transmissive cover 60 may
have a lens portion provided around the hole 10A and a
slanted portion that 1s slanted from the lens portion toward
the surface of the display panel and selectively covers only
the portion around the hole 10A.

The display panel of Embodiment 1 was described above,
and 1n the present embodiment, the portion around the hole
10A 1s sealed by two diflerent sealing parts, the hole-
periphery sealing part 13 A and the sealing resin 19A. In this
configuration, the degradation of display quality can be
prevented because the cell thickness around the hole 10A
can be kept uniform.

Embodiment 2

FIGS. 5(al) and 5(a2) are perspective views showing part
ol a manufacturing process of a liguid crystal panel accord-
ing to Embodiment 2, FIGS. 5(b1) and 5(cl) are cross-
sectional views that correspond to the FIG. 5(al), and FIGS.
5(b2) and 5(c2) are cross-sectional views that correspond to
FIG. 5(a2). FIGS. 5(b1) and 5(62) and FIGS. 5(c1) and 5(c2)
show liquid crystal panels of a different configuration,
respectively.

As shown in FIG. 5(al), in the present embodiment, a
structure 33 formed by a resin or the like 1s provided 1n the
location that corresponds to an open section 23A of a
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hole-periphery sealing member 13A' provided on a TFT
substrate 11. As shown i FIG. 5(a2), in the substrate
bonding process, the hole-periphery sealing member 13 A" 1s
flattened so as to form a hole-periphery sealing part 13A 1n
a closed-loop shape, which includes the structure 33.

Providing the structure 33 in advance on the TFT sub-
strate 11 makes 1t no longer necessary, as 1t was 1n Embodi-
ment 1, to seal the open section 23A of the hole-periphery
sealing part 13 A with the sealing resin 19A 1n a subsequent
step, which simplifies the manufacturing process, for
example.

The structure 33 described above may be provided on the
side of the TFT substrate 11, but it can also be provided on
the side of the opposite substrate 12 as shown 1n FIGS. 5(51)
and 5(c1). In this case, the structure 33 can be provided 1n
the same step as the step of providing photospacers on the
side of the opposite substrate 12.

The photospacers can be formed by a known photolithog-
raphy process, and the structure 33 described above can be
formed merely by changing a mask used 1n the photolithog-
raphy process without adding a manufacturing step.

The structure 33 may be constituted by a single member
as shown in FIG. 5(b1) or by a plurality of members as
shown 1 FIG. 5(c1). As shown in FIGS. 5(52) and 5(c2),
either configuration can help, 1n the substrate bonding pro-
cess, the sealing member 13A' having the open section 23A
be flattened so as to take the shape of a closed-loop. Forming,
the hole-periphery sealing part 13A having a closed-loop
shape becomes ecasier because providing the structure 33
requires only a small amount of the sealing member that 1s
pushed and spread to fill the open section 23A.

It 1s preferable that a thickness 337 (see FIG. 5(b1)) of the
structurer 33 be 30% to 100% of the thickness of a cell gap
(the thickness of the display medium layer) 147 (see FIG.
5(b2)). Setting the thickness of the structure as described
makes the hole-periphery sealing part 13 A more likely to be
continuous (a closed-loop shape) after the substrates are
bonded together.

As shown 1 FIGS. 5(c1) and 5(c2), in order to avoid
forming an airtight space inside the sealing member 13A', 1t

1s advantageous for the structure 33 to have gaps. However,
in this case, the possibility that the sealing part 13 A that 1s
completely closed does not form after the substrates are
bonded together increases compared to the configurations
shown 1n FIGS. 5(b1) and 5(52). It 1s preferable that these
points be taken 1into account and the shape and the thickness
of the structure 33 be chosen appropriately.

In the present embodiment, 1t goes without saying that the
hole-periphery sealing member 13 A having a broken-loop
shape that includes a plurality of open sections may be
provided and that a plurality of the structure 33 may be
provided 1n advance 1n the respective locations correspond-
ing to the plurality of open sections.

After an empty cell 1s made 1n this manner, in a manner
similar to Embodiment 1, the liquid crystal injection process
and the process of forming a through-hole 10A are per-
tormed. Through these processes, a liquid crystal panel with
a hole provided in the display region can be achieved.

In the present embodiment, however, the hole 10A 1s
already surrounded by the closed hole-periphery sealing part
13A (and the structure 33) after the substrate bonding
process. Thus, unlike Embodiment 1, 1t 1s possible to form
the through-hole 10A after performing the liqud crystal
injection process. In addition, 1 the present embodiment, 1t
1s possible to provide liquid crystal material on a substrate
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before the substrate bonding process. A liquid crystal panel
that 1s manufactured by these methods will be described
below.

FIGS. 6(a) and 6(b) are a plan view and a cross sectional
view, respectively, that show a liquid crystal display device
200 according to the present embodiment. The liquid crystal

layer 1n the liquid crystal display device 200 1s formed by the
one drop {ill method (ODF method), in which liquid crystal
material 1s dripped on one of the substrates before the
substrates are bonded. In this case, 1t 1s not necessary to
provide a liqud crystal injection hole 1n the outer sealing
part 13B, and the outer sealing part 13B 1s provided 1n a
closed-loop shape.

FIG. 7 1s a view used to describe a process ol manufac-
turing a liquid crystal panel using the ODF method. The
manufacturing process of a liquid crystal panel will be
described below.

First, in a manner similar to the example shown in FIG.
5(al), the structure 33 with a height of 30% to 100% of the
cell thickness 1s formed in the region of the opposite
substrate 11 that corresponds to the open section 23A of the
hole-periphery sealing member 13A' that 1s provided later.
The width of the structure 33 can be chosen according to the
width of the open section 23 A and 1s set to approximately 0.1
mm to 4 mm, for example.

Next, the hole-periphery sealing member 13A' and the
outer sealing member 13B' are provided on the TEFT sub-
strate 11 using a known dispenser device. The width of each
of the sealing members 13A' and 13B' is set to approxi-
mately 1 mm, for example. However, unlike the example
shown 1 FIG. 5(al), the outer sealing member 13B' 1s
provided 1n a closed-loop shape that does not include the
injection hole 23B.

Next, as shown in FIG. 7, 1n a vacuum, liquid crystal
material 1s dripped onto a location OD near the panel center
on the TFT substrate 11. The location OD where liquid
crystal material 1s dripped 1s inside the outer sealing member
13B' and outside the hole-periphery sealing member 13A".

Thereatter, the hole-periphery sealing part 13A and the
outer sealing part 13B are formed by curing the sealing
members 13A' and 13B' with heat or ultraviolet light before
the two substrates 11 and 12 are bonded together and the
sealing members 13A' and 13B' make contact with liquid
crystal material and after the open section 23A of the
hole-periphery sealing member 13A' becomes linked via the
structure 33. In this process, liquid crystal material spreads
over the entire surface ol the substrate and fills the mside of
the panel.

Lastly, penetrating the hole 10A using a scribing step,
laser, drill, or water jet completes the liquid crystal panel.

It 1s preferable that the length of the open section 23A of
the sealing member 13A' be greater than or equal to 0.5 mm
sO as to prevent the open section 23A from becoming buried
as soon as the substrates are bonded. However, 11 the length
exceeds 5 mm, the chance of forming the sealing part 13A
not having a closed-loop shape 1n the end increases. Thus, 1t
1s preferable that the length of the open section 23A be
greater than or equal to 0.5 mm and less than or equal to 5.0
mm.

A display panel of Embodiment 2 was described above. In
the present embodiment, the area surrounding the hole 10A
1s sealed by two different sealing members, which are the
hole-periphery sealing part 13A and the structure 33. This
configuration prevents the degradation of display quality
because the cell thickness can be kept uniform even around

the hole 10A.
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Embodiment 3

FIGS. 8(al) to 8(ad) are perspective views showing part
ol a manufacturing process of a liquid crystal panel accord-
ing to the present embodiment. FIGS. 8(b1) and 8(c1) are
cross-sectional views that correspond to FIG. 8(al), and
FIGS. 8(b2) and 8(c2) are cross-sectional views that corre-
spond to FIG. 8(a2). FIGS. 8(h1) and 8(52) and FIGS. 8(c1)
and 8(c2) show liquid crystal panels of a different configu-
ration, respectively.

Unlike Embodiments 1 and 2, in which the sealing
member 13A' used to form the hole-periphery sealing part
13 A on one of the substrates had a shape of a broken loop
having an open section, a hole-periphery sealing part 13A in
the present embodiment 1s formed by providing a sealing
member 1n a dot shape or a planer shape and pushing and
spreading the sealing member. A more specific description
will be provided below.

First, a TF'T substrate 11 and an opposite substrate 12 are
prepared. However, 1n the present embodiment, a structure
33 1s provided at the location on the opposite substrate 12
where a hole will be formed 1n a subsequent step as shown
in FIGS. 8(b1) and 8(cl). Typically, the structure 33 has
approximately the same size as the size of the hole 10A to
be formed.

Next, as shown 1n FIG. 8(al), sealing members 13A' and
13B' are provided on the TFT substrate 11 using a known
method and using a dispenser or the like. In the present
embodiment also, the outer hole-periphery sealing member
13B' 1s provided at the periphery of the TF'T substrate 11,
and the hole-periphery sealing member 13A' 1s provided 1n
a region where a through-hole 10A (see FIG. 1(a3)) 1s
formed in a subsequent step. The hole-periphery sealing
member 13A' 1s provided at a prescribed location inside the
region enclosed by the outer sealing member 13B'.

However, in the present embodiment, the hole-periphery
sealing member 13A' 1s provided on the TF'T substrate 11 1n
a dot shape or a planar shape. In other words, unlike
Embodiments 1 and 2, the hole-periphery sealing member
13 A’ 1s provided so as to avoid providing an empty space 1n
the 1nside thereof.

Thereafter, as shown i FI1G. 8(a2), a pair of substrates are
bonded together. In this step, as shown 1n FIGS. 8(52) and
8(c2), the structure 33 makes contact with the hole-periphery
sealing member 13A' and the sealing member 13A' become
pushed and spread. Because of this, the hole-periphery
sealing member 13A' spreads beyond the region where the
hole 10A 1s formed and spreads to the outside of the region.

This bonding process prevents an increase in the cell
thickness around the hole-periphery sealing member 13 A’
because the hole-periphery sealing member 13A' does not
form an airtight space in the inside thereof 1n a manner
similar to the reference example shown 1n FIG. 16.

The height of the structure 33 is set to a thickness that 1s
30% to 100% of the cell thickness, for example. Setting the
thickness of the structure as described allows the sealing
member to be appropnately spread out by the structure 33 in
the substrates bonding process. In particular, as shown in
FIG. 8(c2), a configuration in which the structure 33 is
constituted by a plurality of members can improve produc-
t1ivity more because 1t can be easier to push and spread the
sealing member suitably even when the bonding pressure 1s
relatively small.

An appropriate choice of the planar shape of the structure
33 can allow the shape of the hole-periphery sealing part
13 A that 1s formed to be controlled. Thus, it 1s preferable that
the structure 33 have a planer shape that 1s close to the hole
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10A that 1s formed and the sealing part be formed by
providing sealing material 1n the middle thereof.

Embodiment 4

FIGS. 9(al) to 9(ad) are perspective views showing part
ol a manufacturing process of a liquid crystal panel accord-
ing to Embodiment 4. FIGS. 9(b1) to 9(b3) are cross-
sectional views cut along the line x-x respectively corre-
sponding to FIGS. 9(al) to 9(a3).

Unlike Embodiment 3 1n which the structure 33 1s pro-
vided so as to overlap with the region 10A" where the hole
1s formed, 1n the present embodiment, a bank-like loop-
shaped structure 34 having an mnner wall around the hole-
forming region 10A' 1s provided. Typically, as shown in FIG.
9(b1), the structure 34 1s provided on the opposite substrate
12 so as to enclose the outer side of the hole-forming region
10A".

As shown m FIG. 9(b2), because the structure 34 1is
provided, the structure 34 prevents the spread of a sealing
member 13A" in the substrate bonding process. This con-
figuration can form a hole-periphery sealing part 13A 1n a
desired shape. In this manner, the structure 34 functioning as
a bank (dam) holds 1n the sealing member 13A', which 1s
advantageous 1n that a seal width 13W (see FIG. 9(52)) can
be controlled precisely.

Thereatter, a through-hole 10A 1s formed as shown 1n
FIGS. 9(a3) and 9(b63). The area around the through-hole
10A 1s surrounded by the hole-periphery sealing part 13A
and the structure 34. This configuration can prevent the
introduction of impurities into the liquid crystal layer or
similar undesirable phenomena while reducing the non-
display region because the structure 34 precisely controls the
width of the hole-periphery sealing part 13A.

A thickness 347 (see FIG. 9(b1)) of the structure 34 1s set
30% to 100% of a cell gap 14¢ (see FIG. 9(52)), for example.
The structure 34 may be formed 1n the same step as the step
in which photospacers, formed in the pixel region, are
formed, and the structure 34 1itself can be used as a spacer by
setting the height of the structure 34 to be approximately the
same as the cell gap.

Embodiment 5

FIGS. 10(al) to 10(ad) are perspective views showing
part of a manufacturing process of a liquid crystal panel
according to Embodiment 5. FIGS. 10(51) to 10(53) are
cross-sectional views cut along the line x-x respectively
corresponding to FIGS. 10(al) to 10(a3).

In the present embodiment, 1nstead of separately provid-
ing the structure 34 used to prevent the spread of the sealing
member 13A' as in Embodiment 4, the spread of a sealing
member 13 A’ 1s restrained by arranging the edge of a layered
structure provided on a substrate around the hole (in other
words, the opening of the layered structure 1s provided
around the hole). In this configuration, the sealing member
13A' can be pushed and spread to a prescribed region 1n the
substrate bonding process.

As shown 1n FIG. 10(h1), a layered structure 35 provided
on an opposite substrate 12 may include a color filter layer
(1 to 2 um) and an overcoat layer (2 to 3 um). The layered
structure 35 provided on the TFT substrate 11 may include
an 1norganic protective film (approximately 0.2 um) that
covers the TFTs and a planarizing film (2 to 3 um) made of
organic insulating material or the like.

A region 36 where the layered structure 335 1s not formed
1s a region where the cell thickness 1s thick. The region 36
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where the cell thickness 1s thick described above (namely,
the opening region 36 of the layered structure 335) 1s formed
such that a hole-forming region 10A' 1s arranged inside the
region.

When providing the sealing member 13A' 1n a dot shape
or a planar shape as shown 1n FIGS. 10(a1) and 10(51) and

thereafter bonding the substrates together as shown in FIGS.
10(a2) and 10(52), providing the opening region 36 of the
layered structure 35 stops the spread of the sealing member
13A' near the edge of the layered structure 35. This 1s
because while the sealing member 13 A" 1s easy to be pushed
and spread 1n the opening region 36 where the cell thickness
1s large, the region where the layered structure 33 1s located
has a small cell thickness, which makes 1t harder for the
sealing member 13A' to enter the gap. However, a small
amount of the sealing member 13A' may also enter into the
region where the layered structure 335 1s located. Although 1t
depends on the display mode, a cell thickness 14¢ of the
display area 1s set to approximately 3 um, for example.

After the substrates are bonded to each other, the sealing
member 13A' 1s cured by heat, ultraviolet light, or the like.
The cured sealing member 13A' 1s provided 1n the opening
region 36 of the layered structure 35, namely, in such a way
that the sealing member covers the hole-forming region 10 A’
and a region with a prescribed width on the outer side
thereof.

Thereafter, as shown 1n FIGS. 10(a3) and 10(53), the hole
10A 1s formed. However, 1n a manner similar to Embodi-
ment 4, the area around the hole 10A 1s sealed by the
hole-periphery sealing part 13A. Furthermore, a liquid crys-
tal panel 1s completed by 1njecting liquid crystal material
into an empty cell using the vacuum injection method and
sealing the 1njection hole.

FIG. 11 1s a magnified view showing the area around the
hole 10A. As described above, spacers 38B may be provided
between the opening region 36 where the cell thickness 1s
thick and a pixel forming region RA'. In particular, in a case
in which the shape of the hole 10A 1includes a curved portion,
iI pixels are arranged 1n a matrix, a region where no pixels
are arranged can be formed 1n all directions around hole 10A
as shown 1n the figure. The spacers 38B arranged 1in this
region are disposed on top of a layer such as an overcoat
layer, which 1s formed as a base layer. Even when the
spacers have the same height as column-shaped spacers
arranged within the pixel region, the spacers 38B allow a
desired cell thickness to be maintained. Thus, it 1s easy to
torm the spacers 38 and the column-shaped spacers arranged
within the pixel region at the same time. In this case, 1t 1s not
necessary to complicate the manufacturing process because
it 1s suilicient to modily the exposure mask in the conven-
tional manufacturing process. However, as shown in the
figure, spacers 38A may be provided 1n the region 36 where
the cell thickness 1s thick. The height of the spacers 38A in
this case may be higher than the other spacers 38B.

FIGS. 12(a) and 12(b) are a plan view and a cross
sectional view, respectively, that show a liquid crystal dis-
play device 500 according to the present embodiment. The
liquad crystal display device 500 1s a configuration in which
a liquid crystal layer 1s formed by the ODF method, 1n which
liquid crystal maternial 1s dripped on one of the substrates
before the substrates are bonded together. In this case,
providing a liquid crystal injection hole 1n the outer sealing,
member 13B 1s not necessary, and the outer sealing member
13B 1s provided 1n a closed-loop shape.

FIGS. 13(a) to 13(c) are views used to describe a process
of manufacturing a liquid crystal panel using the ODF
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method. In particular, a liquid crystal panel can be manu-
tactured by the following processes.

First, the TFT substrate 11 and the opposite substrate 12
are prepared. As shown 1n FI1G. 13(b), a black matrix, a color
filter layer 18a, and an overcoat layer 185 provided on the
opposite substrate 12 and a protective layer (passivation
layer) 17a and an insulating layer between organic layers
176 provided on the TFT substrate 11 include the opening
region 36 therein. In thus configuration, the cell thickness in
the opening region 36 1s about 4 um thicker than the cell
thickness (about 3 um) 1n the display pixel region 37.

Also, the sealing member 13A' on the TF'T substrate 11 1s
provided in the middle of the region forming the hole 10A
in a shape that corresponds to the shape of the hole 10 A that
should be formed. After providing the sealing member 13 A,
as shown in FIG. 13(a), liquid crystal material 1s dripped, 1n
a vacuum, onto a location OD near the middle of the TFT
substrate 11.

Thereatter, as shown 1n FIGS. 13(b) and 13(c), bonding
the opposite substrate 12 to the TFT substrate 11 spreads the
sealing member 13A'. At the same time, liquid crystal
material also spreads over the entire surface of the panel.

In this process, the speed at which the sealing member
13A' spreads 1s fast 1n the opening region 36 where the cell
thickness 1s large, but the speed at which the sealing member
13A' spreads 1s slow 1n the display pixel region 37 where the
cell thickness 1s small. Thus, the sealing member 13A' 1s
pushed and spread so as to spread over the entire opening
region 36 where the cell thickness 1s large.

Some gap L between the edge of the opening region 36
and a pixel (pixel electrode/the edge of the opposite elec-
trodes 16) should be provided because the sealing member
13A' may also enter into the display pixel region 37. Though
it depends on the shape of the hole 10A, the appropriate
length of the gap L 1s approximately 0.1 mm to 1 mm.

The substrates are bonded together 1n this manner, and the
seal 1s cured by heat or ultraviolet light before the sealing
member makes contact with liquid crystal material and after
the sealing member has sufliciently spread over the region
36 where the cell thickness 1s thick.

Thereatfter, a liquid crystal panel 1s completed by pen-
ctrating a hole using a method such as scribing, using a laser,
or drilling.

The black matrix layer included 1n the color filter layer
may remain around the hole 10A. This can eflectively
prevent light leakage around the hole.

Other Embodiments

As other embodiments, as shown i FIGS. 14(al) to
14(a4), the hole-periphery sealing member 13A' having a
shape of a broken loop that has an open section 23 A may be
provided on one substrate 11 so as to enclose the hole-
forming region 10A'. The hole-periphery sealing member
13A may be formed by crimping the sealing member to the
other substrate 12 so as to close the loop. In this case, 1t 1s
preferable that the length of the open section 23 A be set to
be about 0.1 mm to 5.0 mm, for example.

In the hole-periphery sealing part 13A formed 1n a loop
shape 1n this manner, the open section 23 A 1s closed by the
flattening of the sealing member 13A'. Thus, the part cor-
responding to the open section 23A may have a width that
1s narrower than other parts.

When the loop of the hole-periphery sealing part 13A 1s
not closed after the substrates 11 and 12 are bonded together,
a sealing resin 19A may be used to fill the open section as
described in Embodiment 1.
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Also, as shown 1 FIGS. 15(al) to 15(a4), the sealing
member 13A" may be provided 1n a dot shape or a planar
shape within the hole-forming region 10A' and pushed and
spread at the time of substrate bonding process so as to form
the hole-periphery sealing part 13A.

Embodiments of the present mmvention were described
above, but 1t 1s apparent that various modifications can be
made. An example was described 1n which a liquid crystal
panel 1s used as the display panel, but the present invention
1s not limited to this, for example. As for the display panel,
the present mvention can be applied to a display panel
having a liqmd display medium layer such as an electro-
phoretic display panel or an electro-wetting display panel.

The present specification discloses a display panel, an
clectronic device, and a manufacturing method of a liquid
crystal panel that are described below.

<Item 1>

A display panel including a substrate and a display
medium layer held on the substrate, the display panel having
a display region and a frame region outside the display
region and including a hole on an inner side of the frame
region penetrating the substrate and the display medium
layer, the display panel further comprising: a hole-periphery
sealing part disposed on the substrate at a side facing the
display medium layer so as to surround the hole, wherein the
hole-periphery sealing part includes: a first sealing member
having a loop shape or a broken loop shape, surrounding the
hole, having at least one open section; and at least one
second sealing member provided at a location corresponding
to the at least one open section so as to seal said at least one
open section.

According to the display panel described in item 1,
display quality can be improved because increase in the cell
thickness around the hole can be prevented.

<Item 2>

The display panel described in 1tem 1, wherein the first
sealing member 1s formed 1n the broken loop shape having
the at least open section, and the at least one second sealing,
member 1s a sealing member that seals an opening formed by
the at least one open section.

According to the display panel described in item 2, the
display medium layer can be held appropriately between the
substrates.

<Item 3>

The display panel described in 1tem 1, wherein the first
sealing member 1s formed 1n the loop shape, and the at least
one second sealing member 1s a protruding structure pro-
vided so as to overlap with the part of the loop defined by
the first sealing member.

According to the display panel described 1n item 3, the
display medium layer can be held appropriately between the
substrates.

<Item 4>

The display panel described 1n 1tem 3, wherein a thickness
ol the protruding structure 1s 30% to 100% of a thickness of
the display medium layer.

According to the display panel described in item 4, the
display medium layer can be held appropriately between the
substrates.

<[tem 35>

The display panel described 1n any one of 1items 1 to 4,
wherein the first sealing part 1s formed by a sealing member
provided on the substrate so as to form a broken loop shape
having at least one open section, and wherein the at least one
second sealing part 1s provided at a location corresponding
to the open section of the sealing member.
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According to the display panel described 1n item 3, the
display medium layer can be held appropriately between the
substrates while suitably preventing an increase 1n the cell
thickness around the hole.

<Item 6>

A display panel including a substrate and a display
medium layer held on the substrate, the display panel having
a display region and a frame region outside the display
region and including a hole on an 1nner side of the frame
region penetrating the substrate and the display medium
layer, the display panel further including: a hole-periphery
sealing part formed by expanding, in a planar direction, a
sealing member having a dot shape or a planar shape that 1s
provided, before the hole 1s formed, at a location on the
substrate where the hole 1s to be formed, the substrate further
having a restricting structure that hinders the expansion of
the sealing member.

According to the display panel described 1 item 6,
display quality can be improved because the shape of the
hole-periphery sealing part can be controlled while prevent-
ing an increase in the cell thickness around the hole.

<Item 7>

The display panel described in item 6, wherein the
restricting structure 1s a bank-like loop-shaped structure
glued to an outer side of the hole-periphery sealing part and
surrounding the hole-periphery sealing part.

According to the display panel described 1n item 7, 1t 1s
casier to form the sealing member 1n a desired shape.

<Item 8>

A display panel including a substrate and a display
medium layer held on the substrate, the display panel having
a display region and a frame region outside the display
region and including a hole within the frame region pen-
ctrating the substrate and the display medium layer; a
hole-periphery sealing part disposed on the substrate at a
side facing the display medium layer so as to surround the
hole; and a layered structure provided on the substrate, the
layered structure covering the display region, wherein a
loop-shaped region where the layered structure 1s not formed
1s provided around the hole, and the hole-periphery sealing
part 1s arranged 1n the loop-shaped region.

According to the display panel described in item 8,
display quality can be improved because the shape of the
hole-periphery sealing part can be controlled while prevent-
ing an increase in the cell thickness around the hole.

<Item 9>

The display panel described 1n 1tem 8, wherein the sub-
strate 1s an opposite substrate, and the layered structure
includes a color filter layer.

According to the display panel described in 1tem 9, the
hole-periphery sealing part can be formed suitably by pro-
viding an opening 1n the color filter layer having the shape
of the opposite substrate or the like.

<Item 10>

An electronic device including: the display panel accord-
ing to any one of items 1 to 9; and an mput/output device
arranged 1n the hole 1n the display panel.

According to the electronic device described 1n 1tem 10,
display quality around the hole in an electronic device
provided with an mnput/output device within the display
region can be improved.

<Item 11>

A method of manufacturing a liquid crystal panel, includ-
ing: a step of preparing a pair of substrates; a step of
providing an outer sealing member having a closed-loop
shape along a periphery of one of the pair of substrates and
a hole-periphery sealing member 1n a broken loop shape, a
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dot shape, or a planar shape at a prescribed location within
a region inside the outer sealing member; a step of dripping
liquid crystal material on a location 1nside the outer sealing
member and outside the hole-periphery sealing member 1n
the one of the substrates; and a step of bonding one substrate
on which the liquid crystal matenal 1s dripped to another
substrate, wherein the method further includes a step of
forming the hole-periphery sealing part in a loop shape or a
planar shape by curing the hole-periphery sealing member
alter flattening the hole-periphery sealing member between
the pair of substrates and spreading the liquid crystal mate-
rial between the pair of substrates, and a step of forming a
through-hole within the hole-periphery sealing part in the
loop shape or the planar shape.

According to a manufacturing process of the liquid crystal
panel of 1tem 11, a liqud crystal panel having a hole within
the display region can be manufactured using the one drop
{11l method, and the degradation of display quality around
the hole can be prevented.

INDUSTRIAL APPLICABILITY

A display device according to the respective embodiments

10

15

20

of the present invention 1s widely used 1n various types of 25

clectronic devices such as mobile gaming devices or smart-
phones.

DESCRIPTION OF REFERENC.

T

CHARACTERS

100 liqud crystal display device (electronic device)

10 liquid crystal panel
10A through-hole

11 TFT substrate

12 opposite substrate

13 sealing member

13 A hole-periphery sealing part

13B outer sealing part

14 liquid crystal layer

15 optical film layer

20 driver circuit

30 input/output device

35 layered structure (color filter layer, interlayer insulat-
ing {ilm, etc.)

40 backlight

RF frame region (non-active area)

RF2 non-display region (around the hole)

RA display region (active area)

30

35

40

45
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What 1s claimed 1s:

1. A display panel comprising a substrate and a display
medium layer held on the substrate, said display panel
having a display region and a frame region outside the
display region and including a hole on an inner side of the
frame region penetrating the substrate and the display
medium layer, the display panel further comprising:

a hole-periphery sealing part formed by expanding, 1n a
planar direction, a sealing member having a dot shape
or a planar shape that 1s provided, before the hole 1s
formed, at a location on the substrate where the hole 1s
to be formed until the sealing member reaches a
restricting structure that hinders the expansion of the
sealing member so that after drilling the hole, the

hole-periphery sealing part has a loop shape of the
sealing member bordered by the restricting structure.

2. The display panel according to claim 1, wherein the
restricting structure 1s

a layered structure provided on the substrate, said layered

structure covering the display region.

3. An itermediate panel for manufacturing a display
panel, the intermediate panel comprising an upper substrate,
a lower substrate, and a display medium layer held between
the upper and lower substrates, said intermediate panel
having a display region and a frame region outside the
display region and having an area on an inner side of the
frame region 1n which a hole penetrating the substrate and
the display medium layer 1s to be formed, the intermediate
panel further comprising:

a hole-periphery sealing part covering the area 1n which

the hole 1s to be formed,

wherein the hole-periphery sealing part 1s made of: a first

sealing member on the lower substrate having a round
shape covering the area i which the hole 1s to be
formed; and at least one second sealing member pro-
vided on the upper substrate pressing down a part of the
round shape defined by the first sealing member.

4. A display panel made by forming the hole in the
intermediate panel as set forth 1n claim 3 at the area 1n which
the hole 1s to be formed,

wherein, as a result of forming the hole, the hole-periph-

ery sealing part includes at least a remaining loop-
shaped portion of the first sealing member surrounding,
the hole, and a gap between the lower and upper
substrates defined by said remaining loop-shaped por-
tion being the same as a gap defined between the lower
and upper substrates 1n other locations in the display

panel.
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